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JOINT IMPLANT PLACEMENT 

RELATED APPLICATION DATA 

This application claims the priority of US. Provisional 
Application No. 61/039,561 ?led on Mar. 26, 2008 and US. 
Provisional Application No. 61/043,906 ?led on Apr. 10, 
2008, Which is hereby incorporated in its entirety by refer 
ence. 

FIELD OF THE INVENTION 

The present invention relates to a method for planning a 
placement of an implant. The implant comprises at least tWo 
implants, a ?rst implant and a second implant. Both implants 
represent parts of a joint. The joint joins anatomical limbs. 
The ?rst and the second implants form an arti?cial structure 
for joining the ?rst and the second limb. 

The present invention is in particular directed to the plan 
ning of the placement of such an implant in case of no defor 
mity of the anatomical joint or a moderate deformity of the 
anatomical joint. The determination of a deformity of an 
anatomical joint is treated by the priority patent application 
called “Method and system for determination of a degree of 
deformity of an anatomical joint”. EP 08 153 031.1, the 
content of Which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

The assessment or determination of a degree of deformity 
of a knee joint or any other anatomical structure joining tWo 
limbs assist the planning and performing of surgery, alleviates 
possible complications, and fosters successful rehabilitation. 

In cases of mild deformities of a knee joint, the knee joint 
is suitable for total knee arthroblasty (TKA), for instance. 

Determination of structural anatomic features require the 
acquisition of locations and/ or orientations of anatomic 
objects, such as limbs relative to a spatial coordinate system 
or operating space. 
A locating or tracking device may be used to determine a 

pose (position and/or orientation) of an anatomical object in a 
three-dimensional coordinate system or operating space by 
means of an array of activated markers attached to the object. 
Herein, a position and/or orientation is an example for a pose. 
By receiving signals transmitted from the markers With a 
sensor or sensors in different poses (spatial positions and/or 
orientations) the pose (position and orientation) of the marker 
array and thus the pose (position and/or orientation) of the 
anatomical object to Which the marker array is attached to 
may be determined. 
An example of a system for tracking the spatial position 

and angular orientation of an object may be found in US. Pat. 
No. 5,828,770. 

The pose (position and/or orientation) of an object in space 
is referred to as the pose of the object. 

The folloWing prior art documents are cited: 
M. E. NadZadi, M S; J. K. Nielsem, M S; S. B. Murphy, M 

D, smith and nepheW Memphis, Tenn. Intact Knee Pas 
sive Kinematics and Ligamentous Stability Measured 
by a Novel Navigation System; and 

M. E. NadZadi, M S; J. K. Nielsern, M S; S. B. Murphy, M 
D, smith and nepheW Memphis, Tenn. A Novel Method 
for Measuring Intact Knee Joint Laxity and Kinematics 
Using Computer Assisted Surgical Navigation Tools. 

An object of the present invention is to plan the placement 
of an implant in such a manner that movement of the joint 
after implantation corresponds to the movement of the 
replaced anatomical joint. 
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2 
In particular, in case of a deformity of the anatomical joint 

to be replaced, the in?uence of a pre-operative deformity on 
the movement of the joint is preferably reduced due to the 
planning according to the invention. 

SUMMARY OF THE INVENTION 

The present invention is related to a method for planning 
implant placement. In more detail, the placement of a ?rst and 
second implant is planned. The ?rst and second implant is 
meant to replace in particular a part of a ?rst and second 
anatomical limb. In particular that structure Which is close to 
the joint. In other Words, the placement of an arti?cial joint 
(arti?cial structure) is to be planned such that the arti?cial 
joint replaces an anatomical joint. 

The method comprises in particular the step of providing a 
?rst limb data set. The ?rst limb data set represents a ?rst 
reference system in Which the ?rst limb is ?xed, i.e. has a 
?xed spatial position relative to the reference system. Prefer 
ably, a corresponding second limb data set is provided. The 
second limb data set represents a second reference system in 
Which the second limb is ?xed. The ?rst and second limb data 
set may be for instance generated by detecting a reference 
array attached to the ?rst limb and second limb, respectively. 
By detecting the reference arrays and by detecting landmarks 
at the limb, characteri stical positions of the limb, in particular 
the position of a characteristic axis of the limb in the respec 
tive reference system may be determined and the correspond 
ing data may provided to be used by the method according to 
the present invention. 

Furthermore, preferably a representation of a second (vir 
tual) implant is provided. The representation of the second 
implant comprises in particular the shape and/or siZe of the 
second implant, in particular, the shape of the surface of the 
second implant. This representation of the second implant is 
preferably provided at a predetermined (knoWn) position in 
the second reference system. In other Words, preferably, a 
particular location of the second implant is a starting point of 
the planning procedure according to the present invention. 
This particular location may be determined by an operator or 
user of the method according to the present invention, for 
instance a surgeon (eg by an input operation in the com 
puter). According to another embodiment, the second implant 
has a particular position relative to characteristic landmarks 
or a characteristic axis of the second limb. According to 
another embodiment, a proposal for a position of the second 
implant is given by the method according to the invention. 
Preferably, this proposal may be changed by the user. 

Preferably, relative pose data are provided and in particular 
used by the present invention to perform a determination. The 
relative pose data describes a plurality of relative poses of the 
?rst and second reference system. These relative pose data 
may be generated by moving the anatomical limbs relative to 
each other, for instance by performing a ?exion or an exten 
sion movement. The relative poses of the ?rst and second 
reference system may be described by the relative poses of 
characteristic axes of the limbs. An axis of the limb is in 
particular a characteristical axis of the limb along the exten 
sion of the limb. 
Based on the provided data sets, based on the provided 

representation of the second implant at a predetermined posi 
tion (including at least the location of at least one point of the 
second implant) in the second reference system and based on 
the provided relative pose data preferably a determination 
step is performed. This determination step determines a plu 
rality of envelope points. For this purpose preferably, location 
data describing the location of at least one point of the second 
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implant is provided. Preferably, the location data are included 
in the representation data Which represent the second implant. 
Preferably, this at least one point is at the surface of the second 
implant. Preferably, this at least one point, is a point Where 
typically a contact betWeen the ?rst implant and the second 
implant should occur in case of relative movement of the 
implants after implantation of the implants. In a typical case, 
there are tWo contact points on the surface of the second 
implant. Thus, preferably, the location of tWo contact points 
are provided in the reference system of the second limb. The 
aforementioned location of the at least one point (e.g. surface 
point and/ or contact point) is knoWn in the second reference 
system. Based on the provided pose data and by using the ?rst 
and second reference system provided by the ?rst limb data 
set and the second limb data set, the location of the at least one 
point (e.g. surface point and/ or contact point) in the ?rst 
reference system may be calculated for each of the plurality of 
relative poses. As a consequence of this calculation, a plural 
ity of points are generated in the ?rst reference system. These 
points are called envelope points. If an su?icient number of 
envelope points is generated, an envelope curve may be 
described. According to the method, in a further step, a (vir 
tual) representation of the ?rst implant is virtually placed so 
that the ?rst implant is adjusted With respect to the plurality of 
envelope points. The term adjusting means here in particular, 
that the ?rst implant virtually contacts or matches the enve 
lope points as good as possible. That is, the distance betWeen 
the ?rst implant and the envelope point is preferably mini 
miZed by using for instance least square ?t methods. Prefer 
ably, the distance is 0 or larger than 0. According to an 
embodiment, the distance is not negative, i.e. the ?rst implant 
does not partially penetrate a curve represented by the enve 
lope points. 

According to a further embodiment, a plurality of repre 
sentations of ?rst implants is provided. For instance, in a data 
base, characteristical data of ?rst implants are stored, for 
instance siZe and shape of the implants. From these pluralities 
of virtual implants, those are selected, for Which the best 
adjustment or matching to the envelope point can be achieved. 
For instance, those are selected, for Which the aforemen 
tioned least square ?t achieves the best ?t result. In other 
Words, preferably, that implant representation is selected, 
Which ?ts to the envelope points in the best manner. The term 
“?tting” means for instance abutting to the envelope points or 
snuggly ?tting in a curve described by the envelope points. 

Preferably, the envelope points are generated by movement 
of the limbs in case of no deformity or moderate deformity. It 
is preferred that after implantation of the implants, the arti? 
cial joint performs a movement of no or moderate deformity 
even if the anatomical joint exhibited a signi?cant pre-opera 
tive deformity provided the signi?cant deformity may be 
corrected to a moderate deformity by applying an external 
force to the anatomical joint. For this purpose, the envelope 
points are preferably provided in a manner Which represent a 
movement of the joint in case of no or moderate deformity. 

For this purpose, the deformity may be determined before 
hand as described in the parallel application. In particular, it 
may be determined to What degree (correction degree) the 
deformity may be corrected by applying an external force. 
This degree of correction may be used in order to calculate the 
envelope points in accordance to the invention. This calcula 
tion may be, in a ?rst step, based on uncorrected envelope 
points Which are generated by an uncorrected movement of 
the limbs. This uncorrected envelope points are then, in a 
second step, corrected based on the determined correction 
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4 
degree. The correction degree is provided to the method of the 
present invention and may be determined as described in the 
parallel application. 
The correction degree may be described by a vector Which 

describes the change of location of the ?rst and second limb 
axis due to the external force in the ?rst and second reference 
system, respectively. This correction vector is used to correct 
the relative pose of the ?rst and second reference system to 
each other in case of correction. This correction vector is not 
only applied for instance in one of the relative poses in Which 
the correction has been measured, for instance in the relative 
pose of full extension but preferably for all of the determined 
plurality of relative poses. In this manner, a plurality of cor 
rected relative poses are determined. Based on these cor 
rected relative poses, the corrected envelope points are cal 
culated. 
The connection of the relative pose at the reference system 

results in a connection of the location of the surface and/or 
contact points in the ?rst reference system. 

Alternatively, the corrected envelope points may be gener 
ated by applying a correcting force during relative movement 
of the limbs. 
As Will be described in more detail beloW, the ?rst limb is 

in particular the femur and the second limb is the tibia. Of 
course, it is possible to exchange the tibia and the femur in the 
aforementioned embodiment such that the second limb is the 
femur and the ?rst limb is the tibia. For the relative movement, 
preferably, ?exion and/ or extension movement is applied. 
Preferably, the envelope points are generated in a manner 
such that a relative rotation of the ?rst limb relative to the 
second limb is Within a predetermined degree. This may be 
preferably controlled by detecting a rotation of the ?rst and 
second reference array (?xed to the ?rst and second limb, 
respectively) relative to the limb axes. 

Preferably, according to the present invention, for each 
envelope point the corresponding degree of rotation is 
detected and stored. Preferably only those envelope points are 
used for the placement of the representation of the ?rst 
implant Which ful?ll the condition to be generated Within the 
predetermined range of rotational angle. 

For placing the representation of the ?rst implant, i.e. for 
placing the virtual ?rst implant in the ?rst reference system 
With respect to the envelope points, preferably a virtual dis 
placement, in particular a translational movement of the ?rst 
implant along the axis of the ?rst limb is performed. This 
translational movement is preferably combined With a tilting 
movement of the ?rst implant With respect to the axis of the 
?rst limb. 
The present invention is also directed to a program Which 

performs at least a part of the aforementioned steps When 
running on a computer or When loaded into a computer. 
Furthermore, the present invention is directed to a system 
Which comprises a computer on Which the aforementioned 
program runs or is loaded. Additionally, the system comprises 
preferably a detector Which detects reference arrays and/or 
pointers in order to gather the data necessary for performing 
the method. In particular, reference arrays attached to the 
limbs and/ or pointers for detecting landmarks are detected by 
the detector and the corresponding detection signals are input 
in the computer in order to be processed in accordance With 
the program steps. The system is in particular constituted as a 
navigation system in order to alloW image guided surgery. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an embodiment according to the present 
invention Which alloWs detection of the relative pose of the 
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femur reference system and the tibia reference system, in 
particular the relative pose of the femur axis and the tibia axis. 

FIG. 2 shows placement of a tibia implant. 
FIG. 3 shows contact points between a femur implant and 

a tibia implant. 
FIG. 4 shows different situations of deformation of the 

limb joint. 
FIG. 5 shows virtual relative movements of the femur 

implant relative to the tibia implant. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The present invention is directed to the situation of a mod 
erate pre-operative deformity of the relative poses of limbs. In 
the following, this will be explained for an example in which 
the limbs are the tibia and the femur. In particular, the embodi 
ment relates to elimination of the deformity by the surgeon 
from force, release, osteophyte removal or any combination 
of the three. Preferably, the femur is matched to the virtual 
tibia in extension. The present embodiment allows the sur 
geon to allocate 1 mm to 3 mm of laxity that he would like to 
produce by essentially raising the distal femoral cut by this 
amount. In particular, this allows the surgeon to customiZe the 
desired laxity in extension in relation to his/her requirements 
and the patients compliance in regards to the soft tissue enve 
lope. 

Furthermore, preferably, the limbs are relatively moved to 
take them through a range of motion. This is done in order to 
automatically plan femoral siZing (sagittal) and rotation 
(axial) based upon kinematics matched anteriorly to the reg 
istered points of the anterior cortex of the femur. Preferably, 
best ?t analysis to the kinematics is achieved with the ability 
to choose between best siZes by the surgeon. Preferably, a 
small and larger siZe are offered and the surgeon chooses and 
can move the implant more anteriorly or po steriori or ?ex a bit 
to customiZe just a bit more if he/ she really needs to. 

FIG. 1 shows schematically the tibia and the femur. Several 
points, in particular landmarks are acquired beforehand, in 
order to de?ne axis for the femur and the tibia. In particular, 
the center 10 of rotation to the femoral head is calculated 
based on movements of the femur. Furthermore, the center of 
malleolus 17 is acquired by detecting location of the medial 
and lateral landmarks 16 and 17, eg by means of a pointer. In 
particular, an anterior posterior axial rotation is adjusted for 
the tibia. Preferably, an incision is made and the knee is 
cleaned of as many ostheophytes as possible. Additionally, 
the proximal tibia mechanical axis is registered. Furthermore, 
preferably the reference arrays 22 and 32 are ?xed at the 
femur and the tibia, respectively. The markers 23, 24 and 25 of 
the reference array 22 is preferably detected by a camera or 
detector 100 which is connected to a computer 200 having a 
monitor 220. In the same way, the markers, 33, 34, and 35 of 
the reference array 32 is detected. Preferably, a reference 
system is assigned to each reference array. In these reference 
systems, the limbs have a ?xed position, respectively. The 
proximal tibial mechanical axis 38 and the distal femoral 
mechanical axis 28 is registered based on detection of the 
aforementioned landmarks and points shown schematically 
as 10, 12,14, 16, 17, 18 in FIG. 1. Additional landmarks may 
be acquired. 

The landmarks are in particular detected by using a so 
called pointer 40 shown schematically in FIG. 1. The pointer 
40 has preferably at least two markers 42 and 43 also detected 
by the detector 100. The relative spatial position between the 
tip of the pointer and the markers 42 and 43 are known to the 
computer system. The same is for the relative position of the 
markers of the reference array 22 and the reference array 32. 
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6 
Preferably, the relative positions are characteristic so that the 
navigation system consisting at least of the elements of the 
computer 200, the monitor 220 and the detector 100 may 
identify the reference arrays and the pointers. 

Preferably after registration of the femur axis 28 and the 
tibia axis 38, the surgeon attempts to reduce the deformation 
of the limb joint as close as possible. For this, he preferably 
use this computer guidance. How a computer guidance may 
be realiZed in order to achieve this goal is described in the 
parallel application named “Method and system for determi 
nation of a degree of deformity of an anatomical joint”. This 
parallel application is herewith incorporated by reference. 
This parallel application describes the measurement of defor 
mation. The measurement results may be displayed in order 
to guide the user. 

Preferably, the relative pose of the femur axis to the tibia 
axis (eg in a sagittal and/or coronal plane) represents the 
deformity and is measured in degrees. Preferably, a predeter 
mined degree is ?xed representing a limit within which the 
surgeon has to correct the deformity in order to apply the 
embodiment according to the present invention. Preferably, 
such a predetermined limit is below 10 degrees, preferably, 
less than 5 degrees, even more preferably about 3 degrees. 
Preferably, the present invention is applied if there is no 
deformity, a moderate deformity or a deformity which may be 
corrected (by applying force) to be only a moderate defor 
mity. 

Preferably, the relative pose of the femur axis to the tibia 
axis is stored in the computer 200 in order to represent a basis 
for the further calculation. In this way, a data set representing 
a reference system in which the femur is ?xed is provided. In 
particular, the pose of the ?rst limb axis, which is eg a 
femoral axis, is known in the reference system de?ned by the 
reference array 22. Additionally, preferably, the pose of the 
second limb axis, which is eg a tibia axis, is known in the 
second reference system, by a reference system de?ned by the 
reference array 32 ?xed to the tibia. 

In this way, a ?rst limb data set and a second limb data set 
is achieved. 

Based on the aforementioned ?rst limb data set and second 
limb data set, an implant placement may be planned in accor 
dance with the invention. The planning procedure may be 
performed as follows. It is planned to place an implant which 
replaces the tibial head close to the joint at a known position. 
This is called the second implant or tibia head implant. This 
virtual situation is schematically shown in FIG. 2 for 90° 
?exion. The implant head 40 is virtually placed close to the 
joint between the femur 20 and tibia 30. 

As mentioned before, the virtual situation which represents 
a basis for the calculation is a situation where preferably there 
is no deformation or a deformation that has been reduced 
beforehand, e. g. by applying a force, to be within an accept 
able degree. Thus, the ?nal result of the calculation to be 
described in the following, will be a virtual placement of the 
implants at those locations which result in an undeformed 
knee joint or at least which result in a deformation which is 
within a preferred or predetermined range. The virtual place 
ment of the second implant may be done by the surgeon and 
the pose of the second implant in the reference system of the 
tibia and in particular relative to the tibia axis represents data 
which is input in the planning method of the present inven 
tion. These data are a representation of the second implant in 
a known position in the second reference system (tibial ref 
erence system). 

Preferably, the present invention and in particular a pro 
gram based on the present invention is constituted to place the 
virtual tibial implant relative to the tibial mechanical axis 
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point and/or other tibial landmarks and additionally prefer 
ably to match the femural implant, in particular the cruciate 
retaining implant Within the data base for the middle of the 
tibial implant. 

The above-mentioned method of tibia implant placement is 
preferred because the middle of the knee is not subject to bone 
loss and articular cartilage differences as the plateaus are. 

Preferably, the planning software alloWs to change the 
shaping siZe of the implant (tibia implant and/ or femur 
implant). Preferably, the placement of the implant is virtually 
performed in extension of the limbs. 

According to a preferred embodiment, ?rst virtually the 
tibia implant is placed and then second according to a pre 
ferred embodiment, the femur implant is placed. The femur 
implant is preferably placed just proximal to the virtual tibia 
provided both limbs are in extension. For placing the femur 
implant relative to the tibia implant so-called envelope points 
are used as described later. 

It is up to the surgeon Whether he Would like to optimiZe the 
laxity in extension. If the joint is stiff than the surgeon Would 
for instance pick a range of l to 5 mm, preferably 2 to 3 mm 
of laxity and if the joint is compliant and loose than perhaps 
0 mm to 1 mm of laxity Would be required as a decision 
process for the surgeon. This essentially lifts the distal femur 
resection by this desired amount. This decision process is up 
to the surgeon and the pose of the femur implant and tibia 
implant relative to each other represents data input into the 
data processing method according to the present invention. 

According to the embodiment of the invention not just one 
relative pose, for instance in extension, is provided as data to 
the data processing method but a plurality of relative poses. In 
order to generate the data of relative poses, preferably, the 
surgeon moves the limbs relative to each other. For instance, 
the surgeon takes the limb through a range of motion. During 
the motion, the reference arrays 22 and 34 are detected by the 
detector 100. By detecting the reference arrays, a plurality of 
relative poses of the tibia reference system relative to the 
femur reference system, i.e. of the second reference system 
relative to the ?rst reference system, are provided. Based on 
the knoWn position of at least one implant (e. g. tibia implant 
40) in the respective reference system or to be more accurate, 
based on at least one knoWn location of at least one point of 
the at least one implant, so-called envelope points, may be 
calculated as explained in the folloWing. 

For the generation of the relative poses, a surgeon may for 
instance perform ?exion of the j oint for instance at least about 
90 degrees. In praxis, a ?exion of 90 degrees may be possible 
since the patients have no deformity or no signi?cant defor 
mity as described above. 

According to a particular embodiment, the relative poses of 
the reference systems are stored for instance in regular inter 
vals of ?exion. The intervals may be for instance in the range 
of l to 20 degrees, preferably in the range of 5 to 15 degrees, 
preferably about 10 degrees. By means of the detector 100, 
the reference arrays are detected and the relative poses are 
detected and stored in the computer 100 in order to use these 
relative pose data for the determination of the aforementioned 
envelope points. 
As mentioned above, at least one location of at least one 

point of the implant is knoWn in the reference system in Which 
the implant has a ?xed position. For instance a surface point 
of the tibia implant is knoWn in the tibia reference system 
(second reference system). Based on the relative pose data 
Which describe the relative poses of the reference systems for 
each of the relative poses, the location of the tibia surface 
point in the other reference system, i.e. in the reference sys 
tem of the femur, may be calculated for each of the relative 
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8 
poses. In this Way, a plurality of locations of the surface point 
in the other reference system, i.e. in the reference system of 
the femur, is calculated. These plurality of locations gener 
ated by one and the same surface point are called envelope 
points. 

FIG. 3 shoWs the tibia 30 and the femur 20 as Well as the 
tibia implant 40 and the femur implant 50 Which represent the 
virtual placement of the implants. Preferably, the position of 
the femur implant 50 is matched and/ or adjusted to the enve 
lope points such that the implants 40 and 50 virtually touch 
each other at points 62 and 63 for each relative pose. 

For each of the poses of the plurality of poses the touch 
points 62, 63 in the reference system of the tibia represent a 
plurality of points in the reference system of the femur. These 
points are called envelope points. 

After having determined the envelope points, the femur 
implant is virtually placed. In other Words, a representation of 
the ?rst implant in the ?rst reference system is placed. This 
placement is done such that the femur implant is adjusted or 
matched relative to the plurality of envelope points prefer 
ably, such that the femur implant contacts the envelope points 
as close as possible so that in case of movement, the envelope 
points represent the touch points betWeen the femur and the 
tibia. Of course, it is up to the surgeon, to deviate from this 
proposal for placement Which is a result of the virtual plan 
ning according to the present invention. 

Preferably during data acquisition of the relative poses, i.e. 
during the ?exion movements, a relative rotation of the limb 
axis, i.e. of the tibia axis and the femur axis, is calculated and 
shoWn to the surgeon. This alloWs the surgeon to keep the 
relative rotation Within a predetermined range. This predeter 
mined range may be described by degrees of relative rotation 
of the limb axis. The upper limit of the range may be betWeen 
0 and 10 degree, preferably between 1 and 5 degree, prefer 
ably betWeen 2 and 4 degree, preferably about 3 degree. For 
calculating the relative rotation of a limb axis, the situation in 
extension of the limbs may be used as a starting point. In 
extension, there is generally no relative rotation of the limbs. 
If, starting from the full extension, there is a ?exion move 
ment, then in a pose Where there is ?exion, a relative rotation 
of one of the reference systems With respect to the limb axis 
?xed in the other reference system may be calculated. The 
relative rotation describes the rotational degree With respect 
to the starting situation, i.e. the situation of full extension. 
As mentioned above, the relative pose data may be 

acquired by relative movement of the limbs. There may be a 
pre-operative deformity of the joint. We assume that this 
pre-operative deformity may be corrected by external force to 
be Within a predetermined, i.e. an acceptable range. During 
acquiring of the relative pose data this external force may be 
applied in order to assure that all relative pose data relate to a 
situation of corrected deformity. Alternatively, the situation 
as shoWn in FIG. 4 may be given. In FIG. 4 the femur axis 20 
is shoWn in case of no deformity. Furthermore, the position of 
femur axis 20' is shoWn for deformation after appliance of 
force Where the deformation is acceptable. For instance, the 
degree of deformation is 20. The position of the femoral axis 
20" shoWs a situation Where there is a deformation before 
appliance of force, i.e. no corrected deformation. The angle 0t 
betWeen the location 20' and 20" may be detected as described 
in the parallel application. The angle 0t describes the differ 
ence betWeen the uncorrected relative pose (forceless situa 
tion) and the corrected relative pose (force situation). This 
detected angle 0t may be used to calculate the relative pose 
data in case the relative movement is performed Without 
applying a correction force in order to correct the deformity. 
If uncorrected relative pose data (representing the relative 
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pose between the reference systems) are acquired by relative 
movement of the limbs Without external force (i.e. Without 
correction of deformation), this data may be used in order to 
calculate corrected relative pose data Which describes the 
situation Where the deformity is corrected to be Within an 
acceptable range. This may be done by using the angle 0t for 
distance determined in case of extension of the limbs and to 
correct the relative pose based on this angle 0t in order to 
virtually place the axis 20" to the position 20'. 
When the femur implant is adjusted to the tibia implant, 

this is preferably done by virtually rotating the femur implant 
50 around an axis 70 Which is perpendicular to the femur axis 
20 shoWn in FIG. 5. Preferably, this axis penetrates virtually 
the femur implant 50. This rotation movement is called a 
tilting movement of the femur implant. Furthermore, in addi 
tion to the virtual tilting movement, a virtual translational 
movement along the axis 20 is preferably performed by the 
virtual implant 50. Preferably at the beginning of the adjust 
ment process, the implant 50 is placed at a prede?ned position 
relative to the femur axis 20. Then, a virtual tilting movement 
and translational movement is performed until a preferred 
relative position betWeen contact points 52 and 54 of the 
femur implant and the envelope points is achieved. In particu 
lar, a position is selected and preferred to be determined 
Where the contact points 52 and 54 of the femur implant 50 
contact the envelope points. The tilting movement is shoWn 
by the arroW B in FIG. 5 and the translational movement by 
the arroW A in FIG. 5. 

The contact points 52 and 54 of the femur implant 50 are 
predetermined points Which are selected to be most appropri 
ate to contact the envelope points. 

In the above described manner, the position of the femur 
implant is determined relative to the position of the tibia 
implant. Based on the position of the femur implant and the 
tibia implant as Well as based on shape and siZe of the 
implants, cutting planes may be planned. The surgeon may 
lateruse the planned cutting planes in order to cut the tibia and 
the femur along the planes and to then attach the implants to 
the tibia and the femur. Preferably, according to the invention, 
a so-called “joint line” is calculated based on the planned 
location of the femur implant and the tibia implant. This joint 
line describes an axis of rotation in case of a ?exion move 
ment of the limbs. Preferably, the method of the present 
invention joint alloWs the user or surgeon to move the joint 
line to a different position. Based on the displacement of the 
joint line and based on the previous location of the virtual 
femur implant and tibia implant, the planning method of the 
present invention calculates the neW and displacedposition of 
the femur implant and the tibia implant. 

Preferably, according to a further embodiment of the inven 
tion, the implants are selected out of a plurality of virtual 
candidate implants based on the adjusting process of the 
femur implant to the tibia implant. For instance, a tibia 
implant is selected by a surgeon. Based on this selected virtual 
tibia implant, the contact or surface points 62 and 63 are 
determined. Based on the envelope points determined for this 
contact or surface points 62 and 63, a femur implant is 
selected out of the plurality of virtual candidate femur 
implants Which selected femur implant alloWs for best adjust 
ment of the femur implant to the envelope points. The selec 
tion procedure may be based on a calculation of deviation of 
the femur implant from the envelope points for the different 
candidate virtual femur implants. That femur implant is 
selected out of the candidate femur implants for Which the 
minimal deviation has been calculated. 
An exemplary method for pre-operatively determining a 

degree of deformity of an anatomical structure joining to 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
limbs may be used to determine a degree of deformity of an 
anatomical joint, eg a knee-joint joining femur and tibia, 
respectively or of an elboW joint. In particular, the above 
mentioned correction degree or correction vector may be 
determined as described in the folloWing. 
A degree of deformity of an anatomical structure joining 

tWo limbs comprises the relative angular orientation or angu 
lar difference of axis corresponding to the tWo limbs. 
The degree of deformity is measured in angular degrees. 

An angular difference of a predetermined angle, eg of up to 
3° or 40 may be considered as a mild deformity. An angular 
difference greater than the predetermined angle but loWer 
than another higher predetermined angle, eg between 3° and 
5° or 40 and 6° may be considered as a moderate deformity. 
The deformity may comprise varus and valgus deformity. 
An exemplary method may comprise the step of providing 

data representing the pose of an axis of a limb in a reference 
system in Which the limb is ?xed. 
A reference system in Which a limb is ?xed, i.e. represent 

ing poses of the limb, may be provided by a marker array 
?xedly coupled to the limb, as described above. This marker 
array is also called reference array. 

In order to provide data representing a pose of an axis of a 
limb in a reference system in Which the limb is ?xed, an 
additional locating device or locating devices (eg pointers) 
are brought into selected poses determining the axis and 
measured in the reference system in Which the limb is ?xed, 
as described above. 
An exemplary method may provide data representing 

poses of a ?rst limb (e.g. femur) in a ?rst reference system in 
Which the ?rst limb is ?xed and of a second axis of the second 
limb (e.g. tibia) in a reference system in Which the second 
limb is ?xed, the ?rst and second limb being joined by an 
anatomical structure, eg the knee joint. 
An exemplary method may further comprise the step of 

providing pose orientation data representing a relative pose 
betWeen the ?rst and second reference system With the ?rst 
and second limb in extension, and With an external force 
being applied to eliminate or reduce the deformity of the 
anatomical structure. An external force may be applied to the 
?rst and second limb in extension in order to at least partially 
compensate the deformation of the anatomical structure. 
An exemplary method may further comprise the step of 

determining a relative angular orientation betWeen the ?rst 
axis of the ?rst limb and the second axis of the second limb 
based on the force orientation data, said relative angular ori 
entation being referred to as force relative angular orienta 
tion. Determining a relative angular orientation betWeen the 
?rst and second axis from force orientation data may com 
prise determining a relation betWeen the ?rst and second 
reference system With the ?rst and second limb in extension, 
and With an external force being applied. 

In an exemplary method, a relative angular orientation may 
comprise components related to planes, e. g. a sagittal and/or 
coronal component. Splitting the relative angular orientation 
into components may simplify the assessment of a degree of 
deformity of the anatomical structure. 
An exemplary method may further comprise the step of 

comparing force relative angular orientation With a relative 
angular orientation Which is used as a reference. 
An exemplary method may further obtain the reference 

relative orientation by the step of providing forceless orien 
tation data representing a relative pose betWeen the ?rst and 
second reference system With the ?rst and second limb in 
extension and Without an external force being applied. The 
pose of a limb in a reference system may be represented by the 
pose ofan axis ofthe limb and/or by poses oflandmarks ofthe 
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limb. An axis of the limb is in particular a characteristical axis 
of the limb along the extension of the limb. 
An exemplary method may obtain the reference relative 

angular orientation by the further step of determining the 
reference relative angular orientation, i.e. a forceless relative 
angular orientation, betWeen the poses of the limbs eg 
between the ?rst axis of the ?rst limb and the second axis of 
the second limb based on forceless orientation data. A method 
according to the invention may be executed by a computer 
program loaded by executed on a general purpose computer, 
a dedicated computer or a computer on a chip. 
An exemplary method may obtain a difference vector 

betWeen the force relative angular orientation and the force 
less relative angular orientation in order to obtain the correc 
tion degree or correction vector suitable to virtually correct a 
pre-operative deformity of the anatomical structure joining 
the ?rst and second limb. 

The invention claimed is: 
1. A computer-implemented method for planning implant 

placement, the implant comprising a ?rst implant in a ?rst 
limb and a second implant in a second limb, the ?rst and the 
second implant forming an arti?cial structure joining the ?rst 
and second limb, the method comprising the steps: 

a) providing a ?rst limb data set representing a ?rst refer 
ence system in Which the ?rst limb is ?xed; 

b) providing a second limb data set representing a second 
reference system in Which the second limb is ?xed; 

c) providing a representation of the implant for the head of 
the second limb in a knoWn position in the second ref 
erence system; 

d) providing relative pose data representing a plurality of 
different positions and/ or orientations, referred to as 
relative poses, of the ?rst reference system relative to the 
second reference system; 

e) determining, using a processor, a data set representing a 
plurality of envelope points, said envelope points being 
generated by calculating for the plurality of relative 
poses locations of a point of the representation of the 
implant provided in step c in the ?rst reference system; 
and 

f) placing, using a processor, a representation of the ?rst 
implant in the ?rst reference system by adjusting and/or 
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matching pose of the representation of the ?rst implant 
to the plurality of envelope points. 

2. Method according to claim 1, Wherein one representa 
tion out of a plurality of representations of ?rst implants is 
placed in the ?rst reference system and is adjusted and/or 
matched With respect to the plurality of envelope points and 
out of the plurality of representations of ?rst implants that 
representation is selected for Which a desired adjustment 
and/or matching is achievable. 

3. Method according to claim 1 Wherein the plurality of 
envelope points are calculated by correcting the location of 
the point of the a second implant representation in the ?rst 
reference system for the plurality of relative poses in case of 
an uncorrected deformity of the anatomical limb by means of 
a correction vector Which describes the correction of the 
relative pose of the ?rst and second reference system in case 
of a corrected deformity. 

4. Method according to claim 1 Wherein providing relative 
pose data representing the plurality of different poses of the 
?rst and second reference system comprises detecting refer 
ence arrays attached to the ?rst limb and the second limb 
during movement of the second limb relative to the ?rst limb, 
said movement includes ?exing and/or extending the second 
limb relative to the ?rst limb. 

5. Method according to claim 1 Wherein the implant place 
ment is suitable for total knee arthroplasty, the arti?cial struc 
ture joining the ?rst and second limb comprises an arti?cial 
knee joint and the ?rst and second limb comprises femur and 
tibia, respectively. 

6. Method according to claim 1 Wherein the placing step 
further comprises: 

displacing the representation of the ?rst implant along an 
axes of the ?rst limb and/or tilting the representation of 
the ?rst implant relative to the axis of the ?rst limb. 

7. Method according to claim 1 the method further com 
prising: 

registering an axis of the ?rst limb in the ?rst reference 
system and an axis of the second limb in the second 
reference system. 


